CONSIDERABLE evidence exists that many alkylating agents are cytotoxic and mutagenic and that son-ie, notably the nitrogen mustards, diepoxides etc. also are weaklv carcinogenic (Haddow, 1958). It appeared important, therefore, to test diazomethane, which is the simplest alkylating agent, and is known to be mutagenic (Rapoport, 1948 'V-methvl-N-nitroso-uretbane was also tested since it releases diazomethane in alkaline solutions, and at neutral pH when in contactwith tissues aiid sulphydrvl compounds (Schoental, 1961).
specified in each experiment. When an animal appeared in poor condition, it was not subjected to treatment until it seemed sufficiently recovered.
For skin applications the ethereal solution of diazomethane was applied from a dropping pipette (2-3 drops at a time) to the clipped skin in the intrascapular region; the mice were kept in the cage during the applications, which took place in a fume cupl-joard.
The rats were weighed at monthly intervals and all the animals were observed daily. Those (30-40 g. body weight) were exposed to DAM twice weekly for 6 months (2-3 minutes exposures) and two control rats were similarly exposed to inhalation of ether.
2. Six LAC 606p male rats (50-60 g. body weight) were exposed to DAM twice weekly for 4-5 months (1,5 minutes exposures), and two control rats were exposed similarly to inhalation of ether.
3. Twelve female A/ 2G mice were exposed once only to DAM for 5-6 minutes all died within 2 days after the exposure.
4. Twelve male A/2G mice were exposed to DAM for 3 minutes, the exposures were then reduced to 1-2 minutes when two of the animals died, and the treatment continued for 6 months. Twelve other male A/2G control mice were exposed in a similar way to ether.
5. Eight male Swiss mice were exposed to DAM for 5 months (1-5 minute exposures) and six male Swiss control mice were exposed to ether in a similar way. (b) Skin application Twelve A/2G male mice were treated with ethereal solutions of diazomethane five times weekly, the solutions (2-3 drops) were applied from a Pasteur pipette to the clipped skin at the intrascapular region without taking the mice from their box. This treatment, with occasional 2-3 weeks interruptions, was continued for 5 months.
(c) Subcutaneous injections
Ten male Swiss mice were given 8 monthly subcutaneous injections of 0-1 ml. of a solution of cliazomethane in ether cliluted (at the time of injection) with an equal volume of arachis oil. Four more monthly injections were made using undiluted ethereal solutions of diazomethane (0-1 ml. each).
B. N-Methyl-N-Nitroso-Urethane (NMU) 1. Ten white male rats (100-125 g. body weight) were given by stomach tube 0-I ml. of 50 per cent aqueous alcohol containing 20 mg. of NMU. Table I summarises the experiments performed on rats and mice usi'ng diazomethane. For purposes of description these have been divided in 3 groups according to the time of survival of the animals. 1. This group comprises animals which died in less than IO days. These all had difficulty in breathing and were eyanosed. Post mortem examination showed severe pulmonary congestion and oedema (Fig. 5) ; other organs were not obviously involved apart from slight fatty change in the livers.
2. The second group includes animals which survived up to 10 months. In this group some died in the earlier months, shortly after the exposure, with acute lesions as described above, superimposed on more chronic changes.
The rats which survived after the treatment was stopped, all showed conspicuous lung injury. Ty-pically, the lungs were voluminous and failed to collapse normally on opening the thorax. The lungs were often studded with whitish, hard nodules, sometimes involving all lobes, sometimes confined to parts. Congestion was marked in some regions. AEcroscopically, the lungs have conspicuously dilated bronchi, often surrounded by hypertrophied lymphoid zones with varying degrees of chronic inflammatory cellular infiltration. There are widespread areas of alveolar collapse with varying degrees of fibrosis and numerous pigment-laden macrophages (Fig. 6 ) and within these areas epithehal lined spaces are sometimes found. Squamous metaplasia is occasionally seen (Fig. 7) . Patchy congestion is often present, sometimes severe, with haemorrhage into alveoh. Regions of compensatory emphysema are seen in the areas which are involved in the collapse fibrosis.
In the mice the changes are very similar, but especiallv with the Swiss mice the deposition of the iron-containing pigment is often mucfi more marked, giving the whole organ a patchy brown colouration macroseopicaltv. The hilar lymph glands were often enlarged.
The A/2G mice of this group had similar chronic pulmonary damage and in addition there were adenomata in 7 out of 10 survivors. Macroscopically the adenomata were multiple and of varying size up to 5 mm. in diameter. Microscopically, these were quite typical. Papillary ingrowth into the lumen of a tubular epitileliallined structure is seen in one lung (Fig. 8) . Some of the A/2G mice which had been treated with ether inhalation were killed at the time of death of the experimental mice. Tn this group two mice out of 8 had adenomata.
3. The third group contains animals surviving longer than 10 molith.s. Among the 7 rats the chronic lung damage was more severe, and two aiiimals had pulmonary adenomas, and another had adenoma and squamous carcinoma of the lung. The pulmonary adenomas appear to arise in areas of collapse fibrosis (Fig. 9 ). The rat with the squamous carcinoma of the lung was killed II months after the start of the experiment. Macroscopically the tumour consisted of hard white nodular masses involving much of both lungs ( Fig. 1 ) and there were widespread deposits of similar character in the pleural cavity. Microscopically the tumour is a t.Y ical squamous carcinoma (Fig. 10) invading extensively in the lung, and the deposits have a similar structure. One of the metastatic nodules adherent to the diaphragm, and invading the skeletal muscle is shown in Fig. I 1. Control rats exposed to inhalation of ether and killed at the same time as the last experimental animals had no significant lung changes.
All the Swiss mice given diazomethane by subcutaneous injection survived for longer than I year durinct which the treatment was given, until-26 months after the beginning of the experiment. All had chronic inflammatory changes in the lung and one had multiple pulmonary adenomas. One of these mice developed a large subcutaneous mass at the site of injection. Microscopically this was an actively growing spindle cell sarcoma invading muscle (Fig. 12) . No abnormalities at the site of injection were seen in the other mice.
In the other organs studied no changes were found which could be at-tributed directly to the treatment.
B. N-methyl-N-nitroso-urethane (NMU) Table 11 summarises the experiments performed on rats given NMU. (Fig. 13) . Moving towards the pylorus the mucosal damage becomes less severe, but the submucosal oedema persists so that the mucosa is widely separated from the muscle layers.
In the earlier stages of the lesion there is little cellular reaction, but later there is often an intense invasion of the oedematous submucosa by eosinophils followed by fibroblastic activity and organisation. In many of these rats there is a zonal periportal necrosis of the liver involving all lobules (Fig. 14) . This necrosis is followed by parenchymal cell regeneration accompanied by inteiise mitotic activity.
With smaller doses of NMU (5 mg. or less) the initial stomach lesion was of a similar character but less severe and the majority of the rats recovered. Microscopically a week after the dose there is considerable degree of organisation and repair in the submucosa and regeneration of the glandular epithelium. This is sometimes irregular with formation of gland-like spaces (Fig. 15) . In the grossly damaged squamous part, there may be little epithelial regeneration over the layer of grossly damaged stomach wall which is undergoing organisation and repair. As recovery from the initial damage progresses there is macroscopically obvious reduction in the amount of squamous stomach present, and microscopically it is now seen to consist m-_..,,inl of a fibrous layer which se arates the regenerated squay p zn mous epithelium, some of which may be greatly flattened (Fig. 16) Fig. 2 shows the macroscopic appearance of another stomach tumour. The lesion was a hard whitish nodular mass occupying a large part of the stomach, which shows the characteristic reduction in size of the squamous part. There were no metastases. Microscopically, the tumour is a typical well differentiated squamous carcinoma with abundant keratin formation ( Fig. 18 and 19 ).
The third tumour was a small hard nodule in the stomach wall about 5 mm. in diameter, which had a similar microscopic structure.
In other animals of this series, as well as tumours of the stomach, there occurred 5 oesophageal carcinomas. One of these is shown in Fig. 3 . The lesion was a hard whitish annular mass in the middle part of the oesophagus causing great thickenino, of the wall (Fig. 20) . The other tumours were essentia-Ily similar, two being larger. Microscopically thev are all typical squamolis carcinomas (Fig.  21) indistinguishable from those of the stomach. These tumours are locally invasive, extending close to the trachea and great vessels, but not invading them.
One other female in this series, killed when in poor condition 19 months after the first dose of NMU, had multiple tumours. These formed several whitish nodules in the lower part of the oesophaous and in the stomacb, the squamous part of whicb was shortened (Fig. 4 and 22 ). This animal had also a pituitary tumour, but such tumours have been seen among untreated old females of our rat colony.
No liver lesions were seen in rats which survived longer than a few days after NMU.
In experiments in which rats were given subcutaneous injections of NMU, 25 mg. /rat, the animals died after 24 to 48 hours. Macroscopically the luligs were intensely and uniformly engorged and had a dark reddish-purple colour. Microscopically there is generalised severe congestion and oedema, the appearance being quite similar to that produced acutelv by diazomethane. At the site of injection there is local tissue destruction with %intense congestion and haemorrhage.
DISCUSSION
The experiments described here were of an exploratory nature, undertaken with a view to testing the carcinogenic activity of simple alkylating agents. Because of their acute toxic effects dosage and mode of application of these agents had often to be modified, especially in the course of experiments with diazomethane. Whether the compound was applied to the skin, by subcutaneous injection or by inhalation lung lesions commonly developed in both rats and mice. In A/2G mice, in which lung adenomata develop in old age, the incidence of these tumours was greatly accelerated and increased. Thus the eight mice which survived skin applications of ethereal diazomethane solutions for 5 months all had adenomata, often multiple, when they died in the course of the following 7 months. Among control A/2G mice exposed to ether inhalation for a similar period, 2/8 mice had incipient lung adenomata when killed at a comparable time.
All the Swiss mice exposed to inhalations of diazomethane for 6 months died in the course of the following 1-5 months. They showed severe lung lesions but no distinct tumours were seen. Diazomethane is known to be a very irritating agent and this is a complicating factor in considering its purely carcinogenic action. The role of chronic irritation has been largely abandoned (Berenblum, 1944) and it is improbable, though it cannot be excluded, that its irritating action contributed to the development of tumours. This irritating and necrogenic action of diazomethane also restricts the dose per application ; the margin between effective and lethal dose appears to be narrow.
Tt has been reported recently that continuous exposure to N-methyl-N-nitrosourethane given in the drinking water throughout the lifespan gave rise to stomach tumours in rats (Druckrey, et al., 1961) . Our results indicate that one or two doses only of NMU are sufficient to induce squamous carcinomas of the stomach and oesophagus, which only become apparent months later. The oesophageal tumours which appeared after the use of the short administration tube presumably arose at the site of application of the compound, since NMU evidently interacts immediately with the tissues. From experiments in vitro, it has been shown that NMU decomposes very rapidly in contact with tissues, probably releasing diazomethane (Schoental, 1961) . The mechanism of action of both these compounds, diazomethane and NMU is therefore probably the same. However, the fact the NMU is effective with even a single dose may be related to its decomposition at neutral pH by sulphydryl compounds (Schoental, 1961) which may react with evolved diazomethane and thus be involved in the carcinogenic process.
Recent work on dimethylnitrosamine has suggested that alkyl nitrosamines are carcinogenic by being transforced enzymatically into alkylating agents (Hultin et al., 1960 ; Magee and Hultin, 1962 ; Magee and Farber, 1962 ; Emmelot and Mizrahi, 1961 (Zak et al., 1960 ; Argus and Hoch-Ligeti, 1961 
